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Objectives. This study was designed to identify, by echocardi-
ography, morphometric abnormalities of the left ventricular out-
flow tract in children with fixed subaortic stenosis and to deter-
mine whether these abnormalities precede tine development of
subaortic obstruction .
Background. Fixed subaortic stenosis typically develops and
progresses after the 1st year of life and is therefore often regarded
as an acquired lesion . Although it has been speculated that there
may be an undLAying anatomic substrate, there are no data to
support this hypothesis .
Methods . The size of the aortic mundus, snitral-aortic valve
separation, aorto-left ventricular septal angle and degree of aortic
override were determined in two groups of children . Group 1
comprised 35 patients with isolated subaoriic stenosis noted on
initial echocardiogram who were compared with an age- and
weight-matched normal control group (Group 1A) . Group 2
comprised 23 patients with ventricular septa] defect or coarctatiou
of the aorta, or both, who had no subaortic stenosis on initial
echocardiogram but who developed it subsequently . This group
was compared with an age-, weight- and lesion-matched control
group (Group 2A) .
Subvalvular aortic stenosis is the second most common form
of fixed aortic stenosis, constituting 8% to 30% of all forms
of left ventricular outflow tract obstruction (1) . Associated
cardiac malformations, especially coarctation of the aorta
and ventricular septa) defect, occur in as many as 65% of
patients (1-5) . Various types of fibrous or fibromuscular
"ridges," "rings" or "collars," ranging in position and
length from a thin and discrete subaortic structure to a
diffuse tunnellike narrowing of the left ventricular outflow
tract, have been described (5-7) . Although the anatomic
spectrum, clinical aspects and progressive nature of fixed
subaortic stenosis have been well documented (1-10), many
questions concerning the pathogenesis of fixed subaortic
stenosis remain unanswered . Because of the rarity of this
lesion in the newborn and early neonatal period, several
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Results . Compared with control subjects, patients with isolated
subaortic stenosis had a significantly wider mitral-aorlic separa-
tion ([mean ± SDI 5.1 ± 1.3 vs . 3.4 ± 0.9 nun, p < 0.001), a
steeper aortoseptal angle (131 ± 6* vs. 144 ± 5°, p < 1001) and
an exaggerated aortic override (p < 0 .05). Similar differences
were Mud on initial echocardiogram in Group 2 patients before
development of sabaortic stenosis : wider mitral-aortic separation
(4.2 ± 1.2 vs. 2,5 ± 0.7 min, p < 0,001), a steeper sort ptal
angle (132
00 7' vs . 145 ± 7', p < 0.001) and an exaggerated aortic
override (p < 0.05) .
Conclusions. A left ventricular outflow tract malformation
characterized by a wider mitral-aortic separation, an exaggerated
aortic override and a steeper aortoseptall angle are present in
children with ventricular septa[ defect or coarctation of the aorta,
or both, who subsequently develop subaortic stenosis . These
morphometric features can be used to identify by echocardiogra-
phy patients who are at risk for developing fixed subsortic
stenosis .
(J Am Coll Cardiol 1993,22 :1501-8)
investigators (5,7,8,11) have postulated that it is an acquired
heart disease . Others (5, 12,13) have speculated that it is the
subsequent expression of a primary congenital left ventric-
ular outflow tract malformation . Indeed, left ventricular
outflow tract abnormalities, such as increased mitral-aortic
valve separation and narrowing and elongation of the stb-
aortic region, have been noted in patients with discrete
subaortic stenosis (12,13) . We (14) recently reported critical
subaortic stenosis detected on the 1st day of life in a
newborn infant and speculated that the increased mitral-
aortic separation and exaggerated aortic override seen
in this case may have led to the development of subaortic
stenosis in uteri However, it is not known whether ana-
tomic abnormalities of the left ventricular outflow tract are
features of established subaortic stenosis or precede its
development .
The purpose of this study was first to identify, by echo-
cardiography, morphometric abnormalities of the left ven-
tricular outflow tract in patients with subaorlic stenosis . We
then aimed to determine whether these morphometric, differ-
ences could be detected and quantified before the develop-
ment of subaortic stenosis and could therefore serve as
0735-l0K)7/91/S`6-60
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Figure 1 . Two-dimensional echocardiogram in a patient with iso-
lated fixed subaortic stenosis (Group 1) . (A), Parasternal long-axis
view showing the obstructive subaortic ridge . Note mitral valve-
aortic valve separation (arrows). 13, Diagrammatic presentation of
the same view demonstrating the method for measuring the angle
Grow) between the long axis of the aortic root and proximal
ascending aorta and the midlinc of the interventricular septum . A =
anterior ; Ao = aorta; LA = left atrium ; L/I = left/inferior; LV = left
ventricle ; RV = right ventricle.
predictors to identify patients with associated lesions who
are likely to develop subaortic obstruction during childhood .
Methods
Study patients. We examined two study groups and two
control groups. The first study group comprised all patients
diagnosed by echocardiography with isolated fixed subaortic
swunds at Texas Children's OYU between January 1988
and Jute 1992 (Group 1) . The diagnosis of fixed subaortic
stenosis was based on the demonstration of a localized
subvalvular obstruction in the left ventricular outflow tract
according to the criteria of Weyman et al . (15) . For this
group, a control group of age- and weight-matched children
with a normal ech(v.ardiographic examination was chosen
(Group IA) .
The second study group comprised patients with subaor-
tic stenosis diagnosed between January 1988 and June 1992
who had associated cardiac lesions but did not have left
ventricular outflow tract obstruction on the initial echocar-
diopWhic examination (Group 2)
. Excluded from this group
were patients with discordant atrioventricular (AV) or ven-
tricuWderial alignments, common AV canal, interrupted
aorticc arch, predominantly valvular aortic stenosis, tunnel-
type
(long-segment) subaor6c stenosis or hypertrophic car-
diomyopathy. In patients with these cardiac lesions, a vari-
ety of pathologic mechanisms different from the fixed
subaortic stenesis seen in our study groups have been
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reported (16-19) . Group 2 was compared with an age- and
weight-matched control group of patients with similar con-
genital heart lesions who did not develop subaortic stenosis
over a comparable period of follow-up (Group 2A). The
clinical records of all children were reviewed to determine
the clinical course and outcome .
Echocardlographic analysis . Echocardiograms were per-
formed with several commercially available cardiac scanners
with a transducer frequency appropriate for the patient's
size. Studies were recorded on 0 .5-in . (1 .27 cm) videocas-
sette tape . A complete two-dimensional and Doppler exam-
ination was performed in each patient from the subxiphoid,
apical, parasternal and suprasternal notch views . Sedation
with chloral hydrate was used when necessary . The echocar-
diograms were reviewed, and selected still frames were
identified for subsequent analysis . Hard copies were ob-
tained using a Sony Mavigraph Color Video Printer. Mea-
surements were made using a computerized digitizer with a
commercially ay iilable software (Digisonics EchoPro+ sys-
tem, version 3 .30). Each measurement was obtained in
triplicate, and the average value was used for data analysis .
Interobserver variability was tested in a randomly selected
group of patients. The following measurements were made .
Mitral-aortic valve distance was measured from the
parasternal long-axis view at end-diastole from the hinge point
of the noncoronary aortic valve leaflet to the hinge point of the
anterior mitral valve leaflet (Fig. IA). The hinge point of the
anterior mitral valve leaflet was defined as the point of attach-
ment of the base of the leaflet to the mitral annulus (Fig . I A) .
End-diastole was defined as the frame preceding mitral valve
closure . Because it is not known whether mitral-aortic distance
changes with somatic growth, both the absolute measurements
and the measurements indexed to the square root of the body
surface area are reported .
Aortic valve annulus diameter was determined from the
parasternal long-axis view in midsystole between the hinge
points of the right coronary and the noncoronary aortic
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Figure 2 . Schematic presentation of an echocardio-
graphic five-chamber view illustrating the criteria used
to grade the degree of aortic override : (A), normal ; (B),
mild override ; (C), marked override . Abbreviations as
in Figure 1 .
leaflets and was indexed to the square root of the body
surface area (20).
Aortoseptal angle was defined as the angle formed by the
long axis of the ascending aorta and the plane of the ventricular
septum and was measured according to the method described
by Fowles et al . (21) (Fig . 1) . Transducer position was stan-
dardized by positioning the junction between the aortic valve
and the anterior mitral leaflet at the center of the sector pie . The
aortoseptal angle was quantified using a standard transparent
goniometer .
Degree of aortic override was graded qualitatively from
the apical five- and two-chamber views in midsystole (Fig .
2). Normal degree of aortic override was defined as less than
one third of the aortic annulus being intercepted by an
extrapolation of the long axis of the ventricular septum . Mild
override of the aortic valve was defined as one third to two
thirds of the aortic annulus being intercepted by an extrap-
olation of the long axis of the ventricular septum . Marked
aortic override was defined a3 more than two thirds of the
aortic annulus being intercepted by an extrapolation of the
long axis of the ventricular septum .
Subaortic obstruction-aortic valve distance was mea-
sured from the parasternal long-axis view in end-diastole
from the septa[ attachment of the obstructive ridge to the
hinge point of the right coronary aortic leaflet .
Aortic regurgitation was evaluated by pulsed and color
flow Doppler mapping techniques and was graded as mild,
moderate or severe according to the criteria previously
described by Frommelt et al . (22) .
Maximal instantaneous gradient across the left ventricu-
lar outflow tract was calculated from the peak spectral
Doppler velocity using the modified Bernoulli equation (Gra-
dient = 4 x [Velocity]') (23) .
Statistical anal---. Data are expressed as mean value
SD for each grOL .i measurements . The paired Student t
test was used to compare each study group with its matched
control group . Multiple comparisons between all four groups
were performed using one-way analysis of variance followed
by the Fisher Protected Least Significant Difference test to
determine the degree of significance. Pearson chi-square
analysis was used for comparison between discrete vari-
ables. Correlations between variables were tested by the
Spearman rank statistic . Standard definitions for calculating
specificity, sensitivity, accuracy and predictive values were
used (24) . Data analysis was performed on a Macintosh
Quadra 900 computer using a commercially available statis-
tical package (StatView 2 .01, Brain Power Inc .) . For all
tests, a p value < 0 .05 was considered significant
Restilts
Fifty-eight patients with fixed subaortic stenosis (46 boys,
12 girls) met the inclusion criteria for this study . Their
clinical profile is summarized in Table 1 . Thirty-five patients
had isolated subaortic stenosis demonstrated on their initial
echocardiogram (Group 1) . Twenty-three patients with as-
sociated congenital heart lesions who had an echocardio-
gram before development of subaortic stenosis were in-
cluded in Group 2 . Of these, 17 9.t ad a ventricular septal
defect, 6 in association with coarctation of the aorta and 5
Table 1 . Clinical Characteristics of the Two Study Groups
*Peak instantaneous gradient measured with serial echocardiograms in 19
patients hi Group I (isolated subaorlic stenosis on initial echocardiogram) and
in 14 patients in Group 2 (initial ventricular septal defect or coarctalion of
aorta, or both, with subsequent subaortic stenosis) with serial echocardio-
grams . Values presented are mean value ± SD or number
; % . AR = aortic
regurgitation .
Group I
(n = 35)
Group 2
(n = 23)
p
Value
Age at diagnosis (yr) 3.8±2.9 3.0±2.6 NS
Male/female ratio 4 :1 3 .6 :1
NS
Increase in gradient (mm Hg)* 37 t 29 21 ± 26
NS
Time span of gradient increase
(yr) *
3.2±1 .8 1 .9±1 .2 < 105
Age at operation (yr) 8.2±4.8 5.2±3.7 NS
0 Is (n 7)
Preoperative peak instantaneous
gradient (mm Hg)
85 31 60 27 NS
Aortic regurgitation 22 ; 63%
11 ; 48% NS
Mild 19
11
Moderate 3
0
Age at diagnosis of AR (yr) 9 .3 ± 4.8
4 .6
t
16 < 101
75
4
3
21
I *
*p
0,001, Group 1 versus Group IA, Group 2 versus Group 2A
. t p < 0
.05, Group I versus Group IA, Group
2 versus Group 2A . *p < 0 .01, Group I versus Groups 2 and 2A
. Values are mean value ± SD or number, % .
Ao - aortic ; AoS - aortoseptal : AV - aortic valve : BSA
n
body surface afca : Groups I and IA - patients with
iiolateu wbaortic stenosis (SAS) on initial echocardiogram and matched normal control subjects, respectively :
Groups 2 and 2A -
patients with ventricular septa) defect or coarclation of the aorta, or both, and subserliocrit
subaortic stenosis and subjects with matched defects without subaortic stenosis, respectively
; MV = mitral valve .
with double-chambered right ventricle . Six patients had
coaretation of the aorta alone .
EchocaMiographic measurements . Left ventricular out-
flow tract anatomy . The mitral-aortic valve separation
ranged from 3 to 9 mm (mean 5 .1 ± 1 .3) in Group 1 and was
significantly wider than in the matched normal control
subjects (Group IA) (range 2 to 5 mm, mean 3 .4 :t 0 .9, p <
0.001) . Similarly, Group 2 patients had a greater mitral-aortic
separation than that of their matched control group (Group
2A) (4.2 ± 1 .2 vs. 2.5 ± 0.7 mm, p < O.C01). Intergroup
analysis showed a small but statistically significant differ-
ence between the two study groups and also between the two
control groups . When mitral-aortic separation was indexed
0
I
Group I
	
Group 1A
Group 2
(n=35) (n=35)
(n=23)
p a 0,001
All
0
0
p < 0,001
to the square root of the body surface area, it was signifi-
cantly wider in the two study groups than in the correspond-
ing control groups (5 .5 ± 2.1 vs . 3 .6 ± 0.7 mm/body surface
arean- ', p < 3.007, and 7.3 ± 2.6 vs. 4.2 ± 1 .4 mm/body
surface area", p < 0 .001) . However, no significant differ-
ences were found when the two study groups and the two
control groups were compared with each other (Table 2,
Fig. 3) .
The aortoseptal angle was significantly steeper in patients
with subaortic stenosis on their initial echocardiograrn
(Group 1) than in the matched normal control group (mean
difference 13 ± 8
0 , p < 0.001). A significantly steeper
aortoseptal angle was also found at the time of initial
0
Group 2A
(n=23)
I
Figure 3. Mitral-aortic separation measurements
plotted for the four study groups, with mean
values and Ms. T6 mitral-aortic separation is
significantly wider in patients with isolated sub-
aortic stenosis present on
the initial echocardio-
gram (Group I) and in patients with associated
lesions without subaortic stenosis on the initial
echocardiogram (Group 2) compared with the
corresponding control groups (Groups IA and
2A, respectively).
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Table 2 . Echocardiographic Findings
Group I
(n = 35)
Group IA
(n = 35)
Group 2
(n 23)
Group 2A
(n 23)
Age at study Q0
8.2±4.5 8.2±4 .5 LO IA 0.9±1 .7
MV-AV separation (mm) 5 .1 ± 1 .3 3
.4 ± 0 .9 4 .2 t 1 .2
2 .5 0 .7*
MV-AV separation (mm/BSA
° `) 5 .5 ± 2 .1 3.6 ± 0 .7 7 .3 ± 2 .6 4 .2 t I&
AoS angle (degree) 131 ± 6 144 ± 5 132 ± 7 145 ± 7*
Ao override
Normal 11/34,32%
31/35 ;89% 6/18:33% 14/18 :78%t
Mild override
12/34,35% 4135,11% 6/1833% 3118 ;17%t
Marked override 1134:32%
0
:0% 6/18:33% 1/18,5%f
Bicuspid AV 2;6%
0:0% 10 ;43%
5 22 c$
Abnormal MV 2:6% 00e" 9 : 3 9 ,, "~ 3;I3"",#
AV-SAS distance (rum) 3 .8 .c 2.1 SA t 12
120
110
echocardiogram in patients with associated lesions who had
not yet developed subaortic stenosis (Group 2) than in their
control group of patients with similar lesions (mean differ-
ence 14 ± 9', p < 0 .001) (Table 2, Fig . 4) . The aortoseptal
angle did not differ significantly between the two patient
groups or between the two control groups .
An exaggerated aortic override was significantly more
common in both Group I and Group 2 than in their corre-
sponding control groups . Mild or marked aortic override was
found in 23 (68%) of 34 patients in Group I compared with 4
(11%) of 35 in the normal control group (Group IA) (p <
0.01). Similarly, 12 (57%) of 18 patients in Group 2 had an
exaggerated aortic override compared with 4 (22%) of 18
control patients with similar congenital heart lesions (Group
2A) (p < 0.05) (Table 2) . A steeper aortoseptal angle was
associated with a wider mitral-aortic separation (r,, = -0.49,
p < 0.001) and with an exaggerated aortic override Q s =
-0.58, p < 0.001). The distance between the subaortic
obstruction and the aortic valve ranged from I to 10 mm
(mean 3 .8 ± 2.1) in Group l and from 2 to 14 mm (mean
5.4 ± 3 .2) in Group 2 (p < 0 .05). The aistance between the
subaortic obstruction and the aortic valve was greater in
patients with than in patients without a ventricular septal
defect (5 .9 ± 3.5 vs . 3.8 ± 2 mm, p < 0 01)
Interobserver variability . For the measurement of the
mitral-aortic separation, the mean interobserver variability
was 0.6 ± 0.5 mm (range 0 to 1), and for the aortoseptal angle
it was 4 .6 ± 3 .6° (range 0 to 8). The interobserver agreement
for grading aortic override was 100% .
Aortic and mitral valve morphology . There was no sig-
nificant difference between groups in aortic annulus diameter
when this variable was corrected for the square root of body
surface area. Only two patients in Group 1 were found to
have a bicuspid aortic valve, compared with 10 children in
0
0
Group I
	
Group ]A Group 2
Group 2A
(n=35)
In-351
W23) (n-23)
Group 2 (p < 0 .01). However, the prevalence of a bicuspid
aortic valve was similar in Group 2 and Group 2A . Abnor-
malities of the mitral valve, such as a single papillary muscle,
shortened chordae tendineae or thickened leaflets, were
more frequent in patients with associated congenital heart
lesions (Group 2) than in patients with isolated subaortic
stenosis (Group 1) (p < 0 .01) but did not differ significantly
between Group 2 and Group 2A (Table 2) .
Sensitivity, specificity and positive predictive values . All
patients with an aortoseptal angle < 130' developed or al-
ready had subaortic stenosis (specificity 100%, positive
predictive value 100%) (Fig . 4) . However, the sensitivity for
this value was only 42% . If an angle ::- 135 0 was chosen as a
predictive variable in patients with associated coarctation or
ventricular septal defect, or both, the sensitivity increased to
74%, with 91% specificity and a positive predictive value of
89%. A combination of an aortoseptal angle :5115* or a
mitral-aortic separation ~4 mm, or both, achieved the best
combination of sensitivity, specificity, accuracy and predic-
tive values (Table 3) . The addition of an exaggerated aortic
override as predictive variable resulted in the detection of all
children who subsequently developed subaortic stenosis . It
was, however, associated with a considerable decrease in
specificity because several patients in the two control groups
were graded as having mild aortic override . Accurate quan-
tification of aortic override might have improved the useful-
ness of this variable, but it proved to have an unacceptable
intraobserver and interobserver variability and was there-
fore graded qualitatively .
Follow-up data . Nineteen (54%) of 35 patients in Group I
(initial subaortic stenosis) and 14 (61%) of 23 patients in
Group 2 (subsequent subaortic stenosis) had serial echocar-
diograms available for review . The mean increase in peak
instantaneous gradient was not significantly different be-
JACC Vol . 22, No . S
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p < OMI
p < OMI
160
0
0
0
8
1 001
Figure 4. Measurements of the aortoseptal angle plot-
I
ted for the four study groups, with mean values and
140
SDs
. The aortoseptal angle is significantly steeper in 11
Groups I and 2 than in the two control groups (Groups 0
IA and 2A). Groups defined as in Figure 3 .
T
0 130
9
0
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'1 Cable 3
. Predictive Variables for Development of Fixed Subaortic Stenosts in Children With Coarctation of the Aorta or Ventricular
Septal Defect, or Both
Negative Positive
Specificity Predictive Value Predictive Value AccuracySensitivity
tween the two groups . However, the time span for this
increase was significantly longer in Group I (p < 0 .05) (Table
1), The frequency of aortic regurgitation was similar in both
subaortic stenosis groups ; among the 58 patients in these two
groups, aortic regurgitation Was graded as mild in 19 patients
and moderate in 4 . The mean age at diagnosis of aortic
regurgitation was significantly lower in Group 2 (4 .6 ± 2.6
vs . 9.3 ± 4.8 years, p < 0 .01) (Table 1) .
Discussion
This study shows that patients with fixed subaortic ste-
nosis have an increased mitral-aortic valve separation, a
steeper aortoseptal angle and an exaggerated aortic override .
Furthermore, these abnormalities of the left ventricular
outflow tract precede the development of subaortic stenosis
in patients with ventricular septal defect or coarctation of the
aorta, or both
Left ventricular outflow tract morphology . It has previ-
ously been noted (12) that the left ventricular outflow tract is
longer and narrower in patients with subaortic stenosis . In a
postmortem study of 22 heart specimens with subaortic
stenosis, Rosenquist et at . (13) found a twofold increase and
more variable mitral-aortic separation compared with find-
ings in normal hearts . An increased mitral
.aortic separation
was also demonstrated in an echocardiographic study of 26
patients after resection of subaortic stenosis (13) . Our
echocardiographic measurements confirm these findings .
Furthermore, our data show that mitral-aortic separation is
significantly increased before subaortic stenosis develops .
The significantly steeper aortoseptal angle found in patients
with established subaortic stunosis and in patients with
ventricular septal defect or coaretation of the aorta, or both,
before the development of subaortic stenosis has, to our
knowledge, not been previously reported . Although a wider
aortoseptal angle does not exclude the possibility of subse-
quent subaortic stenosis, all children studied who had an
angle <13(r belonged to either the group who already had
(Group 1) or who later developed (Group 2) subaortic
stencws.
An exaggerated aortic override in relation to the ventric-
ular septum has been reported in an infant with subaortic
*Could not be determined in all patients . Numbers in parentheses are numbers of patients. AoO = aortic override-. AoS -- aortoscptal ; MAS = mitral aortic
separation .
stenosis (25), and we (14) recently noted marl 'd aortic
override in a newborn with critical discrete suhaortic stenos sis and an intact ventricular septum
. In a study of patients
with ventricular septal defects, Zielinsky et al . (16) demon-
strated that all patients who developed iubaortic itenosiss
had a malalignment ventricular septai kfcLt, with anterior
deviation of the infundibular septum in most cases . Our data
show that an exaggerated aortic override is present not only
in patients with a ventricular septa/ defect, but also in
patients with subaortic stenosis and an intact ventricular
septum (Table 2) . Although malalignment between the in-
fundibular septum and the ventricular septum may be asso-
ciated with aortic override in patients with ventricular septal
defects, other mechanisms may contribute to this phenom-
enon in patients with an intact ventricular septum . Indeed,
our data show that exaggerated aortic override, steeper
aortoseptal angle and an increased mitral-aortic separation
correlated with each other . It is therefore conceivable that a
single malformation of the subaortic region may have caused
these morphometric abnormalities of the left ventricular
outflow tract,
In contrast to several previous studies that found a
smaller aortic annulus diameter in patients with subaortic
stenosis (12,13,27), the aortic annulus diameter in our study
did not differ significantly between Groups 1 and 2 and their
corresponding control groups . This discrepancy can be
explained by different patient selection because we excluded
patients with -tunnellike" subaortic stenosis and patients
with predominant valvular aortic stenosis . The increased
distance between the subaortic: obstruction and the aortic
valve seen in patients with subaortic stenosis and associated
lesions (Group 2) compared with findings in patients with
isolated subaortic stenosis (Group 1) may be attributed, at
least in part, to the presence of a ventricular septal defect in
17 of the 23 patients in Group 2 . In all of these patients, the
subaortic obstructive ridge was adjacent to the inferior
border of the defect . The increased distance between iile
subaortic obstruction and the aortic valve in patients with a
paramembranous or a conoventricular septal defect may be
related to a deficiency in the muscular component of the
ventricular septum .
(%) (%) (170) (%)
A000 angle z 135*
74(17/23) qi (21123) 78 (21/27) 89(17119) 83(38/46)
MASa4mm
IM 025
91(21/23) 75(21/28) 84(16119) 80(37/46)
AoS angle is 1350 and MAS z!4 mm
52 (12/23) 100(23123) 68(23134) 100(12/12) 74(34/46)
AoS angle s135° or MAS z
:4 mm 91(21123) 83 (19M) 90(19121) 84(21125)
87(40146)
AoS angle :s 135" nr MAS a4 mm or exaggerated AoO* 100(23123)
63(12/19) 100(12112) 77(23130) 83(35142)
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Pathogenesis of subsortic stenosis. It has been speculated
that subaortic stenosis may be caused by a chronic flow
disturbance in the left ventricular outflow tract (12,28) and
that an increased mitral-aortic separation could alter the
angle at which blood is ejected from the left ventricle during
a critical period of early heart development (13) . Our data
show that there is indeed a steeper angle between the aortic
root and the left ventricle in patients with subaortic stenosis,
as well as an increased miiral-aortic separation and an
exaggerated aortic override. Furthermore, these anatomic
features are present in patients with associated cardiac
lesions before they develop subaortic stenosis . These find-
ings support the hypothesis that an abnormal anatomic
substrate may cause a flow disturbance in the left ventricular
outflow tract bctore and after birth. It is possible that
turbulent flow may have induced an abnormal proliferative
response at the site of high shear stress (29) . Histologically,
the subaortic obstructive (issue is characterized by dense
collagen fibers, elastic fibers anal smooth muscle cells (30) . A
similar mechanism has been postulated as an explanation for
the development of a diaphragmatic structure distal to an
experimentally induced coarctation in a canine model (31) .
However, an experimental model to test this hypothesis for
the development of subaortic stenosis is not yet available,
and the etiology of this lesion remains unknown .
Associated lesions and aortic regurgitation. Consistent
with previous observations, the most common lesions asso-
ciated with subaortic stenosis in this study were coarctation
of the aorta and ventricular septa! defect (1-10) . We also
noted, as previously reported by others (32,33), a high
pr-valence (22%) of double-chambered right ventricle in
patients with subaortic stenosis and ventricular septal de-
fect . Aortic regurgitation occurred in similar frequency in
both Groups I and 2 and was graded as mild in the majority
of children, consistent with previous observations (2,22) .
Aortic regurgitation was noted at an earlier age in patients
with associated lesions (Group 2) than in patients with
isolated subaortic stenosis (Group 1) . This finding could be
due to earlier and more frequent echocardiographic exam i-
nations in the former patients . Alternatively, earlier devel-
opment of aortic regurgitation may have been precipitated
by a ventricular septal defect .
Limitations of the study . The main limitation of our study
is its retrospective nature . Although the patients in Group 2
and their control group (Group 2A) were matched for their
associated cardiac lesions, we were unable to match for the.e
presence of double-chambered right ventricle . The echocar-
diographic predictors described in this study apply to pa-
tients with a ventricular septal defect or coarctation of the
aorta, or both . Their applicability to patients with different
associated malformations is not known . Further research is
necessary to validate these echocardiographic predictors in a
prospective study .
Conclusions. The left ventricular outflow tract in children
with subaortic stenosis is characterized by a steeper aor-
toseptal angle, an increased mitral-aortic separation and all
exaggerated aortic override . These features precede the
development of subaortic obstruction and may be used to
predict which children with ventricular septal defect or
coarctation of the aorta, or both, are at risk for the devel-
opment of subaortic stenosis .
We thank David J . Fisher, MD for his useful comments .
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